Helicobacter pylori (Hp) is one of the most common human pathogens. The infection caused by this bacterium is closely related to various clinical diseases. However, the eradication rate of conventional quadruple therapy has decreased, but the recurrence rate of infections has increased. The oral cavity is another major storage of Hp in addition to the stomach, and a certain homology exists between Hp in the oral cavity and Hp in the stomach. Periodontal treatment has a certain role in the killing of oral Hp, which can increase the eradication rate and reduce the recurrence rate of Hp in the stomach. This article summarizes the influence of oral Hp on the eradication rate and recurrence rate of gastric Hp.
Introduction to Hp
Hp is a Gram-negative bacterium with unipolar, multi-flagellate, obtuse-end, and spiral-curved shapes. It is microaerobic with an environmental oxygen requirement of 5%-8%. It is mainly parasitized in the nearby mucosa of stomach pylorus and gastric antrum. It is infectious and can cause abdominal pain, bloating, upper abdominal pain, discomfort, hunger, and even vomiting and other upper gastrointestinal symptoms.
Hp in gastric antrum is also related to the occurrence of gastric ulcer [4] . Severe cases can also cause the occurrence of gastric cancer [5] . Several data have shown that Hp infection has obvious regional differences and is closely related to economic conditions, public health conditions, and living habits. The infection rate of Hp and the incidence of stomach diseases obviously vary in countries with different development conditions. The better the country's economic conditions, the lower the Hp infection rate and the incidence of stomach diseases [6] . The results of inspections in healthy people showed that the detection rate in developing countries was approximately 50%-70%, while that in developed countries was generally lower than 30%. The examination results in patients with gastritis and gastric ulcer showed that the detection rate in developing countries was 80%-100% [7] . With detection rate of Hp as high as 61%, China, as a developing country, is an area with high Hp infection [8] . Kadayifci et al. [9] showed that the eradication rate of gastric Hp had decreased significantly since 2000 and the recurrence rate in developing countries is higher than that in developed countries.
Shared homology of gastric Hp with oral Hp
Epidemiological surveys showed that the Hp-positive rate of households without separate meals was significantly higher than that of households with separate meals [10] . Zou and Li [11] divided the patients into two groups, with group A as gastric Hp-positive patients and group B as gastric Hp-negative patients. The same method was used to detect oral Hp in the two groups, and the results showed that the oral positive rate was higher in group A than in group B. This result indicated that oral Hp and stomach Hp had certain correlation.
Assumpção et al. [12] studied a total of 99 patients with dyspepsia and used PCR to compare and analyze Hp in the oral cavity and gastric mucosa of the same patient. The Hp genotype in the oral cavity was found to be consistent with that in the gastric mucosa in 89% of patients. Wang et al. [13] used PCR to detect four different Hp genotypes in the dental plaque and gastric mucosa of 31 intragastric and oral Hp-positive patients. The four genotypes were cavA, vacAm1, vacAm2, and vacAs1. The results showed that 95% of at least one genotype in the dental plaque was consistent with that in the gastric mucosa and 27% of all genotypes in the dental plaque were consistent with those in the gastric mucosa. Wan et al. [14] used fluorescence quantitative-PCR, (FQ-PCR) to analyze 27 patients who failed gastric Hp eradication, of which 25 patients were found to be oral Hp positive and were analyzed using single-strand conformation polymorphism (SSCP). The results showed that 19 patients had the same SPCP banding pattern, while the remaining six cases had at least one same banding type.
Lukes et al. [15] used PCR to detect the genotypes of Hp in the oral cavity and stomach of the same patient.
The results showed that the genotypes of Hp in the oral cavity and stomach were different, which may have been caused by the homology between gastric Hp and oral Hp of the same patient. Although several experiments have shown that the gastric Hp and oral Hp have different genotypes, numerous experiments have also demonstrated contrasting results. The problem of homology remains controversial.
Eradication of oral Hp infection
Tursi et al. [16] found that Hp is mainly transmitted through feces to mouth, mouth to mouth, stomach to mouth, stomach to stomach, and examination and treatment equipment, among others. The oral cavity is one of the pathways for Hp to enter the digestive tract. Oral Hp can not only cause oral cavity diseases but also has certain effects on the treatment of Hp-associated gastropathy. Thus, whether the treatment is Hp-related gastric diseases or Hp-related oral diseases, the prompt discovery and eradication of Hp in the oral cavity is very important. Socransky et al. [17] found that when eradicating Hp from patients with positive gastric and oral Hp, the standard triple therapy had poor oral Hp eradication rate but a good effect on the eradication of gastric Hp. Gebara et al. [3] treated 30 patients with positive oral Hp and gastric Hp using standard triple therapy. At 3 months after 7 days of treatment, the oral Hp and gastric Hp were measured by the same method. The results showed that the positive rate of oral Hp was 60%, while that of gastric Hp was 10%. The eradication rate of gastric Hp in the stomach was significantly higher than that of oral Hp. This experiment proved that the standard triple therapy had poor effect on the eradication of oral Hp. Numerous studies have shown that Hp in the dental plaque was difficult to remove by only medical treatment [3] . However, oral scaling can effectively remove supraorbital and subgingival plaques and reduce the attachment of Hp. Hp is present in not only supraorbital and subgingival plaques but also the saliva, gingival crevicular fluid, and tongue coating. After the periodontal scaling, residual Hp in the oral cavity is likely to be reattached to the periodontal pocket or newly formed dental plaque and then enters into the stomach through the diet or other routes.
Influence of oral Hp on the eradication rate of gastric Hp
Song and Li [18] classified patients with positive gastric Hp into two groups. One group underwent eradication therapy with periodontal treatment and mouthwash. By contrast, the other group did not undergo periodontal treatment and mouthwash was not used. The results showed that the eradication rate of gastric Hp was higher in patients who received periodontal therapy and used mouthwash. Miyabayashi et al. [19] divided patients into groups A and B. Group A included patients with positive gastric and oral Hp at the same time, while group B consisted of gastric Hp-positive and oral Hp-negative patients. The two groups had the same eradication therapy of Hp. The results demonstrated that the eradication rate of group A was 52.1%, while that of group B was 91.6%. At follow-up after 2 years, the eradication rate in group A was 69.5%, while that in group B was 95.8%, and the difference was statistically significant. Lou et al. [20] studied 81 patients with positive gastric and oral Hp. The patients were randomly divided into groups A and B. Group A was administered quadruple therapy, while group B was administered quadruple therapy+DiBice gargle treatment. The oral Hp and gastric Hp were reexamined after 4 weeks of treatment. The results showed that the eradication rate of gastric Hp was significantly lower in group A (60.98%) than in group B (90.00%) (P<0.05). The results also showed that the eradication rate of oral Hp in group A (17.7%) was lower than that in group B (65.0%) (P<0.05). Thus, oral Hp was found to have a certain effect on the eradication of gastric Hp, especially for long-term efficacy. Killing oral Hp can significantly increase the eradication rate of gastric Hp.
Meanwhile, Namiot et al. [21] found that daily adherence to brushing teeth and maintaining mouth hygiene with mouthwash after meal had no significant effect on the eradication rate of gastric Hp. This study showed that the eradication rate of Hp cannot be improved by relying solely on oral hygiene. Thus, a few studies on whether eradication of oral Hp can reduce the eradication rate of gastric Hp have been conducted. Additional evidence is needed to reach a more conclusive report.
Influence of oral Hp on the recurrence rate of gastric Hp
Conventional quadruple therapy, i.e., proton pump inhibitors, colloidal pectin, and two kinds of biological factors, is currently the most commonly used and most effective treatment to eradicate Hp. However, in recent years, the recurrence rate of the disease has increased. This phenomenon may be due to the fact that conventional quadruple therapy has no effect on the eradication of oral Hp or Hp persists in the dental plaque, gingival crevicular fluid, and saliva after treatment and then is swallowed into the stomach. Jia et al. [22] randomly divided the gastric Hp eradication patients into three groups. Group A focused on oral hygiene and the number of teeth brushed and used mouthwash. Group B used the method of group A+oral scaling, while group C, as the control group, did not do any treatment. After 6 months, the same method was used to detect the recurrence rate of gastric Hp in each group, and the results showed that the relapse rate was significantly lower in group A than in group B and the relapse rate of group C was significantly higher than that of the other two groups. Thus, daily plaque control, ultrasonic scaling, and manual subgingival scaling to control dental plaque can significantly reduce the recurrence rate of Hp in the stomach. Bouziane et al. [23] studied the influence of oral scaling on the eradication and recurrence rates of gastric Hp and comprehensively analyzed data collected from studies prior to 2012. The results showed that oral scaling could reduce the recurrence rate of gastric Hp. These studies demonstrated that after eradication therapy of gastric Hp, Hp remained in the oral cavity, saliva, and dental plaque and the retained Hp could cause the recurrence of gastric Hp. Therefore, the eradication of oral Hp is the basic measure to increase the eradication rate and reduce the recurrence rate of gastric Hp [24] .
Prospects
The prevention of reinfection or recurrence after eradication of Hp has been an important topic worldwide. At present, the recurrence of Hp may be caused by the reinfection of new strains or the original strain being not completely cleared and rekindled [25] . Studies have shown that given the absence of medicines that can eradicate Hp from the oral cavity, drugs are hardly effective, especially when encountering plaque-forming microorganisms with a "biofilm" structure [26] . Given the difficulty in eradicating oral Hp, this condition can lead to the recurrence of Hp in the stomach, which in turn causes the recurrence of gastrointestinal diseases [27] . Clinical attention is only focused on eradicating gastric Hp without paying attention to the influence of oral Hp infection on the patients. This practice has resulted in the very high recurrence rate of gastric Hp. Therefore, the eradication and prevention of oral Hp should be paid attention to maximize the eradication rate and reduce the recurrence rate of gastric Hp. In conclusion, the key to successful eradication of gastric Hp is the ability to completely remove oral Hp. Focusing on the therapy of oral Hp can not only increase the eradication rate and reduce the recurrence rate of gastric Hp but can also play a protective role in oral care.
